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Abstract
ȁOn prediction of natural disaster, it is very important to predict rapid and discontinuous changes of non-linear 
phenomena (multiple regimes). As examples of multiple regimes related to natural disaster, there are various phenomena; 
appearance and disappearance of atmospheric blocking, transition among patterns of deep water circulation, transition 
between large meander and non-meander of Kuroshio path, and quasi-periodic collapse of snow avalanche. Recently, 
some new trial approaches to predict their behavior are conducted. In this paper, among their approaches, we introduce 
mainly a thermodynamic approach and its application to deep water circulation. It is a trial to understand the essence of 
phenomena by detecting macroscopic characteristics not depending on the details of system and is valid to predict various 
phenomena related to natural disaster involved in complex factors.
















































଎ 1 2003ා 6࠮ 11඾  00 UTC ͅ۷௶̯̹ͦఱܨ͈ήυΛ
΅ϋΈȅNCEP / NCAR ठٜଢ଼ΟȜΗͤ͢ै଼̯̹ͦ
200hPa ࿂ࣞഽȪmȫ͂କ໹໓α·Πσȅ൝౵஌ۼڞ͉  
120 mȅ໓௸͈ΑΉȜσ͉଎ֲ͈ئͅা̯̞ͦ̀ͥȅκ
ϋΌσັ߃͂؎ਗ́ήυΛ΅ϋΈ̦ࡉͣͦͥȅ
Fig. 1 Atmospheric blocking observed for 00 UTC on 11 June 
2003. Geopotential height (m) and horizontal wind vectors 
at 200hPa, obtained from the NCEP/NCAR reanalysis data. 
The contour interval is 120 m. The wind velocity scale is 
indicated by arrows at the bottom right corner. Blockings 
appear around Mongolia and Europe.
଎ 3 ࣱಲ͈యນഎࠐႹȅࣱಲ͉ 10ා೾ഽ͈ਔܢ́ఱ৮࣐
ࠐႹ͂๱৮࣐ࠐႹͬ߫ͤ༐̳ȅ̷͈ಎۼഎ̈́ࠐႹ̦͙
̭̜ͣͦͥ͂ͥ͜ȅ
Fig. 3 Representative path of Kuroshio. Kuroshio path shows 
bimodal features; the transition between large meander path 
and non-meander path takes place with intervals of around 
10 years. The intermediate path can be also observed.
଎ 2 ٬ဢ͈૬௄੏۪͈൳֚ޏٮૄ࠯ئ͈ఉਹٜ͈႕ȪHeld, 
1993ͥ͢ͅMarotzke and Willebrand, 1991͈ٜ୰̥ͣȫȅ
൳֚ޏٮૄ࠯ئ࡛́ह͈੏۪͈ΩΗȜϋȪaȫ͈͕̥ͅ
ઁ̩̈́͂͜ 3͈̾Ȫb, c, dȫΩΗȜϋ̦ంह̱̠ͥȅ̷
̸͈ͦͦΩΗȜϋͅ؊̲̀ܨ࢓͈ેఠ͉ఱ̧̩་ͩͥȅ
Fig. 2 An example of multiple steady states of deep water 
circulation under the same set of boundary conditions (from 
a review by Held, 1993 for Marotzke and Willebrand, 1991). 
Three patterns of circulation (b, c, d) exist under the same 
set of boundary conditions besides the present pattern (a). 























































̴ͣȄS4ͅၣͥ͘Ȫr18, r19ȫȅ൳အ͈̭̦͂ S1͂ S2͈





























଎ 4 1996ා 2࠮ 29඾ͅ५ࠁࡇ๑ཅ಴̧̹́ܳঘ৪ 2ྴͬ
੄̱̹ୱ༲Ȫऒৢ૯ȫȅ̷͈ਔ༏͉́ఉତ͈઀̯̈́ୱ༲
̦̭̞ܳ̽̀ Ȫֲ̹ৢ૯ȫȅȪৢ૯͉ވͅგஂ߰ฎআज़גȫ
Fig. 4 Avalanche occurred at Iide Yamagata on 29 Feb. 1996 (left). 
It killed two peoples. Many small avalanches had occurred 
























































Fig. 5 An example of development of non-equilibrium system (heat 




















Fig. 6 Summary of the results of the numerical experiments for 
transitions among patterns of deep water circulation. The 
vertical axis (S
4
) indicates the rate of entropy production 
(W K
-1
), and the horizontal axis (Ψ) shows the maximum 
value of the zonally integrated meridional stream function 







)). The dots on left side correspond to the 
steady states with southern sinking circulation (indicated by 
the capital letter "S"). The dots on right side correspond to 
the steady states with northern sinking circulation (indicated 
by the capital letter "N"). The arrows show the direction of 
the transitions. The symbols besides the arrows show the 
experiment number and the perturbation used as a trigger for 
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